Introduction
Lithium batteries represent an important area of study and a developing market for commercial batte~companies. Conventional lithium-ion cells are constructed from a lithium cobalt oxide cathode and a carbon anode. When graphite is used, this electrochemical couple provides a voltage of approximately 4 V. There is some concern about the cost of the cathode, irreversible capacity losses with cycling and safety of the anode [1] . We have been searching for alternative anode materials to carbon and have been investigating interrnetallic materials based on tin which provide a high capacity at a slightly higher voltage (400 mV) than metallic lithium, thus reducing safety concerns.
It is known that although the capacity of pure tin is high (990 mAh/g), it has a limited cycle life. This has been attributed to a number of causes, including electronic isolation of the lithiated product and poor electrical contact with the current collector caused by the frequent expansion/compression cycles associated with the Mhiation [2] . It has been suggested that isolating the tin within a host matrix would solve many of these problems [2] . One of the more recently publicized methods was reported by Fujifdm Celltec. They successfully loaded tin oxide (SnO) into a porous borophosphate glass, and were able to demonstrate high capacity and low fade with cycling [3] . Later reports by Courtney and Dahn [4] indicated that the reaction mechanism involved the decomposition of the tin oxide to tin metal and a subsequent alloying reaction with lithium. Although under certain conditions the tin oxide was shown to be a stable anode system, problems with an initial large irreversible capacity have limited its effectiveness. An alternative to the oxide precursor is to use a tin intermetallic compound that does not require the reduction of tin oxide (producing irreversible capacity). We have chosen to investigate interrnetallic compounds in the copper tin system because they are easy to synthesize, stable in an air environment, and because structural decomposition would encase the lithiurnhin alloy in a conductive copper matrix. Here, we report our work on alloy compositions at and around the s-bronze @$n5.
Experimental
Three compositions were synthesized in the copper-tin system: @$ns, @$h& and @Sn& The copper tin interrnetallics were synthesized by direct reaction of the elements. Elemental copper (Johnson Mathey 99.9%) and tin (Aldrich, 99.8%) powder were mixed in a stoichiometric ratio to yield the desired product. The mixed powders were then pressed into a pellet, placed into an alumina crucible, and heated under an argon atmosphere at 400 "C for 12 hr. The gray brittle product was then ground and sifted to approximately 400 mesh. X-ray diffraction analysis of the product gave the expected product distribution in each case. The stoichiometric bronze Cu&hs was a single phase, the composition Cu&u gave a mixture of copper and the bronze, while the COITIpOSitiOII cu(fhfj gave the bronze plus tin.
Additionally, we synthesized the lithium-copper-tin Zintl phase, LizCuSn (MnCu2A1-type), as a lithiated precursor to Curjsns. Elemental lithium, copper, and tin were weighed out in stoichiometric amounts and placed in a tantalum tube,, one end of which had been crimped shut to forma metal test tube. The sample was heated to 900"C under an argon atmosphere, held for three hours, and cooled radiatively to room temperature. The violet-purple sample was then isolated from the tube as a powder. Xray analysis of the sample confined the isolation of the desired phase [5] .
Laminates of the alloy materials and pure tin were evaluated in 1225 coin cells vs. 
Results and Discussion
The idea of using an inert matrix to shield a battery anode was proposed by Huggins a number of years ago [2] . We have investigated the use of intermetallic alloys as anodes, termed M'M, where M' is an inactive metal and M is the component that alloys with lithium. In this paper, the specific intermetzdlic we have chosen to concentrate on is the E-bronze compound @Sns. Lithium insertion directly into this compound is not possible because it lacks an interstitial site for the extra cation and has a closed electronic configuration. The structure is shown in Fig. 1 . Thus, any reaction with lithium must happen by a displacement reaction and a breakdown of the starting bronze compound to form copper (the inactive component) and tin. Further lithiation of the system forms a series of lithium tin alloys (LiXSn,0cxs4.4) that follows the known phase diagram. It is this tin that provides the anode capacity, while the displaced copper, dispersed into the solid, acts as an electronically conducting matrix. It is envisioned that this matrix will mitigate some of the unwanted expansion and contraction observed in lithium alloy systems.
In our experiments, the three samples synthesized had the Compositioncu6sn5+8 (3= O,+1). The sample with 6 = Ois the single-phase bronze, the sample with 6 = 1 has excess tin in the starting material, and the sample with 6 = -1 has an excess of copper. Cu-Sn cells cycled better than our pure tin cells prepared in the same manner (Fig. 3) .
Interestingly, we found that the greater the amount of Cu in the alloy, the better the utilization of the tin. Thus, @Su exhibited the highest capacity per mass of tin present (Fig. 4) . We believe that this effect is related to the microstructure produced during the initial decomposition of the alloy, which should lead to finely divided tin in an inactive copper matrix. The additional Cu might lead to more finely divided tin, and the high surface area of the tin could be accessible to Li through grain boundary diffusion. The capacity fade of the Cu-Sn materials was slightly less than that of pure tin, suggesting that the presence of a Cu matrix has only partially decreased the swelling problems. The addition of more Cu might help the cycle life but at the expense of cell capacity. The capacity retention was improved by changing the lower voltage cutoff to 200 mV, though with a loss of cell capacity (Fig. 5) .
We also investigated the lithium copper tin Zintl phase, LizCuSn, shown schematically in Fig. 6 . For this compound, besides the initial delithiation, the cycling profile is similar to that observed for @$ns (Fig. 2c) . Interestingly, the delithiation of Li2CuSn at -800 mV is 400 mV greater than the potential for the delithiation of LiTSns, the Li-Sn phase with the closest lithium to tin ratio. This suggests that the addition of Cu to the metal framework stabilizes the Sn to oxidation. In the LizCuSn cells, the cell capacity was well below the expected value of -650 rnAh/g (Fig. 3) , which we partly ascribe to the electrical isolation of a large portion of the material during processing as the compound reacted with air "to form LizO and "Cu-Sn". Overpotential problems caused by this effect could also explain the initial low discharge plateau (-200 mV) of some of the Li2CuSn cells. It appears that the delithiation process produces a mix of finely divided tin, and the bronze @&s then proceeds along the reaction pathway stated above. For all of these Cu-Sn materials, it appears that the initial lithiation of the alloy results in the decomposition of the material to form a matrix of active Sn in inactive Cu.
Conclusions
Copper-tin interrnetallic materials have been investigated as anode materials to replace carbon in lithium-ion cells. This initial study has demonstrated the strong effect that an inactive matrix element can have on the utilization of the active Sn component.
Some improvement in the cycling of these materials over pure tin was also observed. 
Captions to Figures
The black spheres represent the trigonal prismatic coordination of the tin site, while the gray spheres represent the copper, which has octahedral coordination. 
